Renal transplantation is the treatment of choice for end-stage renal disease (ESRD) and has shown to improve the quality of life and survival of patients with ESRD. [1, 2] Renal transplantation program has shown a tremendous improvement in India over the past 50 years and is currently second only to the USA in numbers.
introdUCtion
Renal transplantation is the treatment of choice for end-stage renal disease (ESRD) and has shown to improve the quality of life and survival of patients with ESRD. [1, 2] Renal transplantation program has shown a tremendous improvement in India over the past 50 years and is currently second only to the USA in numbers. [3] However, these grafts are subjected to a variety of immune and nonimmune injuries which can ultimately lead to loss of graft. [4] The spectrum of transplant rejection comprises hyperacute, acute, and chronic rejection, and can be T cell or antibody mediated. [2, 5] As a result of the development of advanced techniques to detect anti-human leukocyte antigen (HLA) and donor-specific antibodies (DSAs) in the recipient, HLA cross-matching, and advent of multimodal immunosuppressive regimens, the incidence of hyperacute and acute rejection has significantly decreased; however, chronic graft rejection continues to plague the success rates of renal transplantation. [4] [5] [6] [7] [8] Previously attributed to calcineurin inhibitor toxicity and other nonimmune mechanisms, it is now accepted that chronic antibody-mediated rejection (CAMR) is the most common cause of chronic rejection. [1, [8] [9] [10] [11] The revised 2017 Banff criteria for CAMR includes: (1) the presence of morphologic evidence of chronic tissue injury manifesting in the form of transplant glomerulopathy (TG), peritubular capillary (PTC) basement membrane multilayering or arterial intimal fibrosis of new-onset excluding other causes, (2) evidence of current or recent antibody interaction with vascular endothelium in the form of linear C4D staining of PTCs or at least moderate microvascular inflammation (MVI) or increased expression of gene transcripts/classifiers strongly associated with antibody-mediated rejection (ABMR), and (3) serologic evidence of DSAs. [12] In contrast to the 2015 Banff criteria, the revised 2017 criteria do not mandate the detection of DSAs, instead it can be substituted by C4D staining or increased expression of validated transcripts/classifiers in the biopsy tissue. However, DSA testing is strongly recommended in all biopsy specimens diagnosed as CAMR. [12] In this study, we have tried to study the clinical details, morphological features, risk factors, and outcome of biopsy-proven CAMR.
materials and methods
This was a retrospective study including all biopsy-proven cases of CAMR over a period of 2½ years from January 2016 to June 2018.
Patient characteristics
The demographic and clinical data including age, gender, clinical presentation, the type and duration of transplant, serum creatinine at the time of biopsy and follow-up, and immunosuppressive regimens of all the cases were retrieved from the patient files.
Histopathological evaluation
The biopsies were evaluated by light microscopy with the help of hematoxylin and eosin, periodic acid-Schiff, Masson trichrome, and Jones Methenamine Silver. C4D immunohistochemistry using C4D antibody (cat no.AR 572-5R, Biogenex) was also performed and was recorded as positive when there was PTC staining. All the glomerular, tubular, interstitial, and vascular features were carefully examined, and the scoring was done according to the Banff criteria 2017. Immunofluorescence was performed in all cases with the help of fluorescein isothiocyanate tagged antibodies to immunoglobulin IgM, IgA, IgG, C3, C19, and kappa and lambda chains. In our institute, all the allograft biopsies are indicated, biopsies performed during an episode of graft dysfunction, and protocol biopsies are not routinely performed.
Immunosuppression protocol
The patients received triple immunosuppression comprising of steroids, cyclosporine/mycophenolate mofetil, and azathioprine/tacrolimus. Two patients received an additional induction with basiliximab.
Follow-up criteria
Graft loss was defined as complete graft dysfunction, significantly elevated serum creatinine levels or dialysis dependence. Patients with uremic symptoms or a baseline serum creatinine >1.5 mg/dl were categorized as cases of persistent graft dysfunction, and normal graft function was defined as the absence of uremic symptoms and serum creatinine <1.5 mg/dl.
resUlts
Over the study period, a total of 126 allograft biopsies were performed, of which 23 were diagnosed as active ABMR and 14 were diagnosed as chronic active ABMR as per updated 2017 Banff criteria.
Demographic and clinical data of patients
Of the 14 biopsies included in this study, there were 11 male and 3 female patients. The mean age at biopsy was 33 ± 10 years and one of these patients was below 20 years of age. Eleven patients received the graft from living-related donors, two from live unrelated, and one from a deceased donor. The mean transplant duration to the diagnosis of CAMR was 61 months. The mean serum creatinine level at the time of biopsy was 5.3 ± 4.5 mg/dl. Five patients presented with proteinuria with a mean 24 h urine protein of 3.4 ± 0.9 g/24 h. Four patients had a previous episode of rejection of which two had a prior episode of active ABMR, one a prior episode of borderline rejection, and one had an episode of combined cellular and ABMR. Eight patients showed positivity for DSAs. Of these, five patients progressed to graft failure, one was in persistent graft dysfunction, and one patient expired. The entire demographic and clinical data of patients are depicted in Table 1 .
Histomorphological features
TG was seen in all 14 biopsies. Of these, five showed severe TG, seven were moderate, and two showed mild TG. Nine biopsies showed peritubular capillaritis, and tubulitis was seen in only two biopsies. Vascular hyalinization was seen in two biopsies, and arteriolar hyalinosis was seen in six biopsies. Interstitial inflammation was observed in all the 14 biopsies. The features of tubulointerstitial chronicity in the form of interstitial fibrosis and tubular atrophy (IFTA) were seen in 12 biopsies with five showing an IFTA >50%. The mean IFTA score was 41%. Only one biopsy in our cohort showed evidence of glomerulitis (g). The mean g+ptc score was 1.1. All 14 biopsies showed peritubular capillary positivity for C4d [ Figure 1 ].
Treatment and follow-up
Most of the patients underwent plasmapheresis in combination with intravenous Ig (IVIg) and rituximab, while bortezomib was given to two patients. On follow-up, 12 patients went into graft loss, one patient was in persistent graft dysfunction, and one patient had expired.
disCUssion
The last few decades have seen tremendous progress in the short-term outcome of the renal transplants; however, despite the development of new immunosuppressive regimens long-term outcomes have shown only a marginal improvement. [1, [9] [10] [11] CAMR first described as a specific entity in 2001 has now emerged as the primary cause of chronic graft failure and the different treatment modalities are not very satisfactory. [1, 11, [13] [14] [15] [16] Several authors have thus tried to elucidate the morphological features and analyze the risk factors involved in the development of CAMR.
In this study, we describe a series of 14 patients diagnosed as CAMR as per the Banff criteria 2017. In our study, the mean age of the patients at the time of biopsy was 33 ± 10 years. This observation was slightly lower compared to studies conducted by Torres et al. [9] and Redfield et al., [11] wherein, the mean age of the patients was 35 ± 14 and 42.9 ± 13 years, respectively.
Redfield et al. [11] studied the clinicopathological features of 123 patients with biopsy-proven CAMR and inferred that serum creatinine levels >3 mg/dl at the time of biopsy was associated with rapid graft loss. Likewise, Kieran et al., [17] who studied the impact of C4D and TG on graft outcome showed that serum creatinine levels >2.3 mg/dl were associated with poor graft function. Similar to these findings, the mean serum creatinine level at the time biopsy was 5.7 mg/dl with adverse graft outcome in majority of the patients.
Aggressive therapy can successfully reverse an episode of acute rejection, nevertheless, acute rejection may have an adverse impact on long-term survival of the grafts. [5] Meier-Kriesche et al. [18] studied the impact of acute rejection on chronic graft failure in a large case series and showed a close association between a previous episode of active ABMR and loss of graft; however, Redfield et al. [11] showed that 66.7% of the patients in their study had a prior episode of acute rejection, however there was no impact on the outcome. In our study, only four patients had a documented earlier episode of rejection. Three of these progressed to graft failure, while one had persistent graft dysfunction. However, it is difficult to establish a significant association between CAMR and a previous episode of rejection. Protocol biopsies may help in documenting a subclinical evidence of acute rejection.
TG has been identified as an essential histopathological change of CAMR and develops as a result of repeated injury and activation of the endothelial cells. [9, 12, [19] [20] [21] [22] It is characterized by thickening, duplication of glomerular basement membrane and expansion of mesangial matrix. It is seen in 20% of the patients after 5 years of transplantation and it has been observed that patients presenting with nephrotic range proteinuria usually have TG on histopathological examination. [19] [20] [21] [22] Although an important squeal of CAMR, several authors have observed that TG may also be seen as a part of membranoproliferative glomerulonephritis (MPGN), thrombotic microangiopathy (TMA), and hepatitis C infection and is not restricted to CAMR. [23] [24] [25] MPGN can be differentiated with the help of immunofluorescence which demonstrates immune complexes or by electron microscopy, which shows subendothelial immune deposits. [24] All the biopsies showed negative immunofluorescence in our study.
Chronic TMA, a known complication of calcineurin inhibitor toxicity can also have morphologic overlap with TG. [23, 25] However, CAMR biopsies showed a C4D positivity. Furthermore, there was no evidence of prior acute TMA in any of our patients.
Hepatitis C infection is an important cause of glomerular disease in both native as well as transplanted kidneys. [26] In the presence of hepatitis C virus (HCV) infection, MPGN is the most commonly encountered glomerular disease in renal transplants; however, the presence of HCV antibodies also seems to be an independent risk factor leading to TG. [24, 26] TG in HCV is perhaps due to glomerular deposition of immune complexes containing HCV or attenuated antibody-mediated injury. [23, 25] Baid-Agrawal et al. [23] found that one-third cases of HCV with TG demonstrated C4D positivity in the PTCs thus making it difficult to distinguish between CAMR and HCV-associated TG. One way of differentiating HCV is to use specific monoclonal antibodies to detect antigens in the glomeruli, however, the reproducibility of this method is not very good. [23] Thus, despite the lack of knowledge about the exact pathogenesis behind HCV-associated TG, it is important to screen for HCV antibodies as the presence of HCV infection almost always leads to graft failure. [23] [24] [25] [26] Three of our patients had concurrent HCV infection, out of which one showed severe TG with a cg score of 3 and two showed a cg score of 2. All the three patients lost their graft.
Regardless of the etiology, TG lesions are irreversible and worsen with time. [26] [27] [28] Cosio et al. [27] studied a series of surveillance biopsies done 1 year after transplantation and identified TG as a potential risk factor for the graft failure, and Baid-Agrawal et al. [23] deciphered that the prognosis was even worse in the presence of hepatitis C infection. Gloor et al. [22] and Fotheringham et al. [28] postulated that a higher cg score was associated with poor graft survival. In our study, we did not see any significant association between graft survival and severity of TG.
TG is known to be associated with C4D positivity in PTCs and DSA antibodies. [29] The patients are known to develop de novo DSAs to HLA Class II and it is important to monitor the DSA levels at frequent intervals. However, due to financial issues and cost-effectiveness, this monitoring was not done in our patients.
Late acute ABMR is yet another entity whose morphology overlaps with CAMR. It usually develops 3 months after transplantation and was mostly seen in noncompliant patients or when there was the withdrawal of immunosuppressive therapy. [30, 31] Histologically, it shows features of chronic injury including TG, interstitial fibrosis, PTC basement membrane multilayering, and intimal thickening in arterioles. [30, 31] All these features are similar to that of CAMR, thus making it difficult to distinguish between the two. [31] However, both are associated with poor graft survival and at times are discussed together. [31] It has been postulated that interstitial fibrosis and inflammation is a pattern of injury and can be seen in numerous conditions including cellular rejection, antibody rejection, and viral infection. [32, 33] Cosio et al. [33] showed that despite using advanced immunosuppressive regimens there seems to be no improvement in controlling fibrosis, which can eventually lead to graft failure. Gago et al. [32] stated that interstitial fibrosis alone is not a good predictor of reduced graft survival; however, in combination with inflammation shows a strong association with poor graft survival. In this study, the mean IFTA score was 41% and there were four patients with an IFTA >50%.
MVI is defined as the accumulation of inflammatory cells in the PTCs and glomeruli. [17, 25, 34] It is a sign of active progression in ABMR, irrespective of the presence or absence of TG. [35] [36] [37] Einecke et al. [38] and Racusen and Bagnasco [39] postulated that capillaritis and glomerulitis are signs of impending chronic rejection and are associated with poor graft survival. de Kort et al. [40] and Sis et al. [29] identified the MVI scores as a strong predictor of graft loss.
In our study peritubular capillaritis was seen in nine patients, and the mean g+ptc score was 1.1; however, only one biopsy showed the evidence of glomerulitis.
Despite the availability of advanced immunosuppressive and desensitization regimens patients with chronic ABMR progressed to graft failure. [11] Several studies have accepted the combination of plasmapheresis, IVIg, and rituximab as an excellent regimen for active ABMR; however, the results in CAMR have been unsatisfactory. [31, [41] [42] [43] [44] [45] [46] Fehr et al. showed that a combination of IVIg which removed the antibodies and Rituximab which prevented further development of antibodies improves allograft function and reduced the DSA levels however the response was far inferior to acute antibody-mediated rejection; however, the response was far inferior to active ABMR. Moreso et al. [46] studied the efficacy of IVIg in combination with rituximab and concluded that this combination was not useful in patients with TG and elevated DSA levels. Bortezomib, a protease inhibitor causing apoptosis of plasma cell, cells has shown promising results in early ABMR. [41] Waiser et al. [47] compared the efficacy of rituximab and bortezomib and concluded that renal function was better in patients treated with bortezomib.
Although the pathophysiology of CAMR has been understood, there is a dire need for clinical trials to develop better therapies.
The failure of the new therapies thus makes it mandatory to focus on identifying the risk factors and preventing CAMR and further studies are required.
ConClUsion
CAMR is a common cause of late allograft loss with inevitable progression to graft failure. Prior episodes of active rejection need not be documented. TG is the most commonly encountered histomorphological pattern which needs to be differentiated from chronic TMA and MPGN. C4D positivity helps in making a diagnosis of CAMR with or without DSA.
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